In the UK, a national HPV immunisation programme was implemented in 2008 for girls aged 12-13 years. In addition a catch-up programme was implemented for older girls up to 18 years of age from 2009 to 2011, with an uptake rate of 49.4%. Information about future uptake of cervical screening according to vaccination statistics is important in order to understand the impact of the vaccination programme and implications for a national cervical screening programme. We analysed data on a cohort of women who had been offered the HPV vaccine in the catch-up programme and were invited for cervical screening between 2010 and 2012 in Wales (n = 30,882), in a record-linked database study, to describe the cervical screening uptake and clinical outcome according to HPV vaccination status.
Introduction
There are two commercially available Human Papillomavirus (HPV) vaccines licensed by the FDA for prevention of cervical cancer: Cervarix ® (GlaxoSmithKline) and Gardasil ® (Sanofi Pasteur MSD). Both vaccines prevent acquisition of HPV16 and 18 infections [1] [2] [3] [4] [5] responsible for approximately 70% of cervical cancers and they offer some cross protection against other oncogenic strains of HPV [6] [7] [8] [9] [10] . Clinical trial data has indicated that the vaccines are highly effective in preventing new cases of HPV16 and 18 associated diseases, with significantly lower rates of high grade Cervical Intraepithelial Neoplasia (CIN) and Adenocarcinoma insitu diagnosed [11] [12] [13] [14] [15] . Prevention of cancer is more likely in women who receive the HPV vaccination prior to exposure to the virus [6, 16] .
In the UK, a national HPV vaccination programme using the bivalent vaccine, Cervarix ® was introduced in September 2008 in schools, with a recommended 3 doses administered to girls aged 12-13 years. A two-year catch-up vaccine arm was added for older girls who potentially would still benefit from the immune response induced by the HPV vaccine. Such a comprehensive national vaccination programme is expected to change the epidemiology of cervical cancer in the UK population. However, the impact of such a programme will depend on vaccine uptake, cervical screening uptake and the risk of exposure in women who are not vaccinated and not screened. If women who are unvaccinated choose not to attend for cervical screening, and have high risk of exposure to HPV, then the impact of the vaccination programme will be less than predicted, with potential to increase inequalities in cervical cancer incidence in the population.
In order to understand the likely impact of the HPV vaccination programme for cervical cancer incidence it is important to understand the screening behaviour of women according to whether or not they have been vaccinated. In this study we report the factors associated with HPV vaccination uptake, cervical screening uptake and clinical outcome according to HPV vaccination status for the first cohort of women who had been offered the HPV vaccine and were invited for cervical screening within a national populationbased cervical screening programme in Wales.
Materials and methods

Study population
The study population comprised women who were born between 1 st September 1990 and 29th February 1992 who were resident in Wales on 1 st April 2012. These women would have been offered HPV vaccination as part of the catch-up campaign, and invited for routine cervical screening between 1st September 2010 and 29th February 2012 as they turned 20 years of age, or after moving into Wales.
Data sources
Secure Anonymised Information Linkage databank
The Centre for Improvements in Population Health through e-Records (CIPHeR) has established the Secure Anonymised Information Linkage (SAIL) databank, which brings together and anonymously links a wide range of person-based data [17] . This databank includes existing routinely collected datasets such as the Welsh Demographic Service (all people registered with a Welsh or English General Practitioner), Cervical Screening Wales (CSW) (data from a population based national screening programme [18] ) and the National Community Child Health Database (NCCHD) (child health records of children who since 1987 have been born, treated (including vaccination status) or resident in Wales [19] ). Using these linked datasets we identified all women resident in Wales on 1st April 2012 within the cohort birth range, 1st September 1990 to 29th February 1992.
HPV vaccination data (number of doses and dates administered) were extracted from both the CSW and NCCHD databases and triangulated to give a complete vaccination history for the cohort of women. Data on cervical screening uptake and clinical outcome were obtained from the CSW databases. Data on birth characteristics of the women such as maternal age at birth, gestational age at birth and childhood vaccination status (for any childhood vaccinations as per the recommended schedule for immunisations in the UK) were extracted from the NCCHD. Data on quintile of social deprivation was based on Townsend score calculated using data from the 2001 Census, based on the woman's area of residence on April 1st 2012.
Statistical analyses
All analyses were carried out using SPSS v19. Univariate binary logistic regression was used to describe the association between each variable (quintile of social deprivation, maternal age at birth, gestational age at birth, childhood vaccination) and (i) HPV vaccination uptake, (ii) cervical screening uptake and (iii) cervical screening abnormality. Multivariate binary logistic regression was used to obtain odds ratios for the association between HPV vaccination uptake and cervical screening uptake, adjusted for the variables listed above.
Women were categorised as having been partially HPV vaccinated if only 1 or 2 of the recommended 3 doses were recorded, and fully HPV vaccinated if 3 or more doses were recorded.
Childhood vaccination was defined as any childhood vaccination recorded on the NCCHD database (excluding HPV vaccination). A cervical screening cytological abnormality was defined as a result of borderline changes, mild/moderate/severe dyskaryosis or worse. Results reported as inadequate or negative were considered not abnormal for this analysis.
Data were missing for some variables in the cohort: maternal age (29.7%); gestational age (33.9%); and childhood vaccinations (21.1%). We carried out a complete case analysis and analysis that included the missing data as a separate category. The results were similar in both models so we have presented the results with missing data as a separate category.
The analyses were restricted to cases with available social deprivation data based on the Townsend score for deprivation quintile [20] , therefore excluded 12 women resident in Wales on 1st April 2012 for whom data on area of residence was missing.
Results
There were 33,601 women on the NHS AR for the study cohort and time period. Data were available for 30,882 women from the CSW and 24,351 women from the NCCHD (Fig. 1 ). 14,966/30,882 (48.5%) women had HPV partial or full vaccination and 14,164/30,882 (45.9%) women had attended for cervical screening. 2427/30,882 (7.9%) women had HPV partial vaccination and attended for cervical screening and 5579/30,882 (18.1%) women had HPV full vaccination and attended for cervical screening. Table 1 There was a statistically significant relationship between uptake of the HPV vaccine and social deprivation quintile (Table 1) . Women from the most affluent quintile (Quintile 1) were more likely to have had partial (19.2%) or full (39.5%) HPV vaccination. Conversely women from the most deprived quintile (Quintile 5) had the highest number of women that had not been HPV vaccinated and the lowest number of women with reported partial and full HPV vaccination (59.2%, 14.4% and 26.3%, respectively).
The highest proportion of women not vaccinated was observed for the groups with maternal age under 20 years and 20-24 years (55.4% and 48.7%, respectively) compared to groups whose mothers were older and this was statistically significant (OR 0.62; 95% CI (0.56, 0.68) and OR 0.80; 95% CI (0.75, 0.86), respectively). There was no clear relationship between gestational age and HPV vaccination. Table 2 describes the uptake of cervical screening according to characteristics of women. There was a significant relationship between uptake of cervical screening and social deprivation score. Women from the most deprived areas (Quintile 5) were less likely to have attended for cervical screening than women from the least deprived areas (Quintile 1) (41.3% compared to 50.1%, respectively; univariate OR 0.69; 95% CI (0.65, 0.75)).
Women who were fully vaccinated were more likely to have attended for cervical screening than women who had not been vaccinated and this was statistically significant (55.2% compared to 38.7%, respectively, OR 0.51 95% CI (0.49, 0.54)). In women who had attended cervical screening, 8006/14,164 (56.5%) had received at least one dose of the HPV vaccine. In women who had not attended for cervical screening, 6960/16,718 (41.6%) had received at least one dose of the HPV vaccine.
Reported cervical screening cytological abnormalities in the study population are shown in Table 3 . There was a clear relationship between HPV vaccination and cytological results with women attending cervical screening who had full HPV vaccination having the lowest proportion of abnormal cytology reported compared to those not vaccinated (OR 1.24; 95% CI (1.12, 1.37)). There was no relationship between reported cytological abnormality and social deprivation quintile, maternal age, gestational age or previous childhood vaccination. Table 4 presents attendance for cervical screening and detection of abnormalities for women in each vaccination group, stratified by quintile of deprivation. Results indicate that HPV vaccination and social deprivation quintile are predictors of uptake of cervical screening but do not predict detection of abnormalities.
Discussion
This is the first UK study to investigate uptake of cervical screening following implementation of the HPV vaccination programme in the catch-up group. In contrast to concerns that vaccination would have a negative impact on a woman's decision to attend for cervical screening, uptake of the HPV vaccine was positively correlated to uptake of cervical screening. Social deprivation was the main factor affecting uptake of both the HPV vaccine and cervical screening, with the highest levels of non-participation observed in the most deprived quintile (59.2% unvaccinated and 58.7% unscreened compared with 41.3% and 49.9% in the least deprived quintile).
In women who attended for cervical screening, HPV vaccination had a protective effect with the lowest proportion of cytological abnormalities detected (86.1% normal cytology in fully vaccinated compared with 83.3% in the unvaccinated women; see Table 3 ). Although social deprivation affected uptake of both health services investigated, in this study population, social deprivation score was not associated with cytological result. The implementation of the HPV vaccination programme within schools has helped to reduce the impact of social deprivation on uptake of this health service with more than 80% uptake of all three doses of the HPV vaccine in girls aged 12-13 years [21] .
The main strength of this study was the large sample size from an unselected population-based cohort utilizing record linkage of routinely collected data on HPV vaccinations and cervical screening. Quality of data, particularly the HPV vaccination history, was strengthened by the use of combined data from both the CSW and NCCHD datasets.
We are confident of the quality of the data used in this analysis as the HPV vaccination rates for this cohort are identical to published rates. The national statistics reported 32.8% of women had received all 3 doses of the vaccine in the birth cohorts 1st September 1990 It is important to note that our results are based on analysis of women from the catch-up arm of the HPV vaccination programme. These women were older, and were not all in school and inequalities in coverage have been observed and reported [21] . Bowyer et al. quantitatively assessed the knowledge and awareness of HPV and the vaccine, amongst schoolgirls who had already been offered the HPV vaccine in the targeted UK vaccination programme [23] . In this cohort, knowledge about HPV infection was relatively low, and only 53.1% participants were aware that HPV could cause cervical cancer. Approximately half of the participants were aware that cervical screening was still required after HPV vaccination. In our data analyses, although the women studied were from the catchup arm of the programme, we observed approximately half of the vaccinated cohort attending cervical screening (55.2%).
Analysis of factors potentially affecting uptake of health services available for primary cervical cancer prevention in the UK, highlighted that women who originate from more socially deprived areas are less likely to engage with the services available. Moreover, 9758/30,882 (31.6%) had neither attended for screening nor received the HPV vaccine. However, although social deprivation affected the initial engagement, once women engaged, at least in this age group, there was no significant difference in clinical outcome. Cervical cancer rates are higher in women from more socially deprived backgrounds [24] . However, data from our study suggests that this is a consequence of women from more socially deprived areas not engaging with the current primary cervical cancer prevention strategies in the UK.
In women offered HPV vaccination through the catch-up arm of the programme, this study shows a protective effect with a reduction in cytological abnormalities from 16.7% in unvaccinated women to 13.9% in vaccinated women. However, the level of abnormalities detected in the vaccinated women is still relatively high, potentially reflecting acquisition of the virus prior to vaccination. This data suggests that the catch-up arm of the vaccination programme has not had a substantial protective effect and a higher impact on cytological abnormalities is anticipated in the target group, who may not have been exposed to the virus prior to vaccination. Women who have chosen to receive the HPV vaccination and attend for cervical screening may be more health conscious, and this may be reflected in their sexual behaviours. It is therefore possible that they may be less likely to become infected with HPV, accounting for the reduction seen in the proportion of cytological abnormalities.
The findings reported here emphasise the need to promote further engagement with health services in more socially deprived areas with a focus on younger age groups to enhance the potential benefit of prevention programmes in early diagnosis and treatment long term. The HPV vaccination programme represents an ideal opportunity to convey the benefit of prevention programmes and reinforcement of this message is needed.
Conclusions
Uptake of HPV vaccination was positively correlated with uptake of cervical screening, and cytology results indicate that vaccination has a protective effect against an abnormal result. Women from more socially deprived areas engage less with cervical cancer prevention healthcare services. New strategies to enhance uptake of screening services need to be directed at young women with a focus on areas classified as socially deprived.
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